Individual differences in working memory (WM) are related to performance on secondary memory (SM), and fluid intelligence (gF) tests. However, the source of the relation remains unclear, in part because few studies have controlled for the nature of encoding; therefore, it is unclear whether individual variation is due to encoding, maintenance, or retrieval processes. In the current study, participants performed a WM task (the levels-of-processing span task; Rose, Myerson, Roediger III, & Hale, 2010) and a SM test that tested for both targets and the distracting processing words from the initial WM task. Deeper levels of processing at encoding did not benefit WM, but did benefit subsequent SM, although the amount of benefit was smaller for those with lower WM spans. This result suggests that, despite encoding cues that facilitate retrieval from SM, low spans may have engaged in shallower, maintenance-focused processing to maintain the words in WM. Low spans also recalled fewer targets, more distractors, and more extralist intrusions than high spans, although this was partially due to low spans' poorer recall of targets, which resulted in a greater number of opportunities to commit recall errors. Delayed recall of intrusions and commission of source errors (labeling targets as processing words and vice versa) were significant negative predictors of gF. These results suggest that the ability to use source information to recall relevant information and withhold recall of irrelevant information is a critical source of both individual variation in WM and the relation between WM, SM, and gF.
Individual differences in working memory (WM) are related to a wide variety of higher-order cognitive abilities, such as fluid intelligence (gF) (see Unsworth & Engle, 2007 , for a review). For this reason, a great deal of research has been conducted in an attempt to understand performance on WM tasks. However, debate surrounds the specific sources of individual variation in WM and the relation between WM and gF (e.g., Mogle, Lovett, Stawski, & Sliwinski, 2008; Shelton, Elliott, Matthews, Hill, & Gouvier, 2010; Unsworth, Brewer, & Spillers, 2009 ).
According to Unsworth and Engle's (2007) dual-component framework of WM, individual differences in secondary memory (SM) retrieval underlie individual differences in performance on WM tasks and are responsible, in part, for the relation between WM and gF. Unsworth and Engle (2007) proposed that WM tasks (e.g., complex span tasks such as operation span) predict gF because they require retrieving items from SM when they have been displaced from primary memory (PM). According to their framework, controlled retrieval is the key ability that is common to measures of WM, SM, and gF.
Working Memory and Secondary Memory
Several lines of research support the notion that individual differences in performance on WM tasks are driven by differences in the ability to retrieve information from SM. For example, individuals with higher scores on WM span tasks ("high spans") outperform individuals with lower scores on WM span tasks ("low spans") and on SM tasks as well (e.g., Unsworth, 2007) . This is particularly true for SM tasks that emphasize recollection over familiarity, such as local versus global recognition (Oberauer, 2005) or source recognition versus item recognition .
Most studies examining variation in both WM and SM tasks have focused on differences in retrieval processes as the key source of individual differences. However, it is important to also consider the way in which encoding processes impact the nature of subsequent retrieval processes. To overcome this limitation, the current study examined the impact of an encoding manipulation on individual differences in WM and SM.
If low spans use poor retrieval cues to retrieve items from SM, would their recall benefit if they encoded better retrieval cues? Some studies have shown that explicitly instructing or requiring participants to use semantic encoding strategies benefits WM over phonological or maintenance (repetition) encoding strategies (Bailey, Dunlosky, & Hertzog, 2009; Bailey, Dunlosky, & Kane, 2008; Loaiza, McCabe, Youngblood, Rose, & Myerson, 2011; Rose & Craik, 2012 , Experiment 2), although some have not (e.g., Rose & Craik, 2012, Experiment 1; Rose, Myerson, Roediger, & Hale, 2010; Turley-Ames and Whitfield, 2003) . It remains to be seen whether low spans' WM capacity might benefit from deeper levels of processing (LOP) at encoding. Addressing this issue was a primary goal of the current study. Unsworth and Engle (2007) also hypothesized that low WM span individuals perform worse than high WM spans because they are less effective at using source or contextual cues when retrieving information from SM. Unsworth and Engle suggested that low spans (relative to high spans) use noisier source or context cues for retrieval, which produces a memory search set that contains less relevant and more irrelevant information. Some findings are consistent with these hypotheses. For example, low span individuals recall more off-target, irrelevant items (intrusions) and have more source errors (transpositions) on WM span tasks (Unsworth & Engle, 2006a) , and older adults, who have lower WM capacity than younger adults on average, recall more intrusions on the reading span task, particularly when the trials of the task were ordered in a way to induce proactive interference (Lustig, May, & Hasher, 2001) . De Beni and colleagues found that, relative to young-old adults (55-65 years of age), old-old adults (over 75 years of age) had worse recall and more intrusions on a memory updating task (De Beni & Palladino, 2004) and on the listening span task (Palladino & De Beni, 1999) .
Individual Differences in Recall Errors
However, these studies did not consider the relation between recall of intrusions and veridical recall. Lower scoring individuals may recall more intrusions than higher scoring individuals in part because they have more opportunities to commit recall errors due to their poorer level of veridical recall. For example, consider a task with 10 lists of six to-be-remembered words per list (60 total words). If one subject only recalls 2 of 6 words per list correctly, then there are many opportunities to recall an intrusion (i.e., 40 total) because the correct words were not recalled in these instances. If another subject recalls 5 of the 6 words per list correctly, then there are only 10 opportunities to recall an intrusion. Suppose the first subject recalls four intrusions and the second subject recalls three intrusions. Even though the first subject recalled one more intrusion than the second subject, the first subject recalled an intrusion 10% of the times they could have recalled an intrusion (4/40 ϭ .10), whereas the second subject did so 30% of the time (3/10 ϭ .30). Of course, this assumes that subjects know how many items are to be recalled on each trial, which was the case in the current study, and subjects would not recall more than the total number of to-be-recalled items, which may not be true in all cases.
Although investigation of recall errors can be informative, it is important to consider the way in which accurate recall and recall errors can interact. Lower scoring individuals produce more errors (including omissions) than higher scoring individuals by definition, and so they have a greater chance of producing intrusions simply because they recall fewer targets. Thus, it is unclear if the reason low spans recall more intrusions is because they have more opportunities to recall an error. Addressing this issue was a second goal of the current study.
Relation Between gF and WM, SM, Intrusion Errors, and Source Memory Unsworth and Engle (2007) also suggested that the ability to use source or context cues to constrain retrieval and monitor retrieval output may be the ability that underlies the relation among measures of WM, SM, and gF. Previous research has shown a relation between gF and measures of intrusions and source monitoring derived from different WM and SM tasks (e.g., Unsworth, 2009) . However, it is unclear whether the key source of the relation among WM, SM, and gF is the ability to use source cues to constrain retrieval or monitor the products of retrieval-that is, to withhold report of irrelevant items. If the ability to withhold recall of irrelevant information via source-constrained retrieval processes is a critical component of individual variation in WM, SM, and gF, do individual differences in intrusions and source errors on WM and SM tests predict individual differences in gF even after controlling for differences in the opportunity to produce errors? Addressing this issue was a third goal of the current study.
The Current Study
The present study used a novel design to examine individual differences in WM, SM, and gF by manipulating LOP at encoding and assessing participants' abilities to access both target items and items that were previously to be withheld from recall on WM and SM tests and to provide source judgments for retrieved items. This was accomplished by examining immediate and delayed recall of relevant and irrelevant words from the LOP span task (Rose et al., 2010) . In the LOP span task, participants are required to recall a series of words (in uppercase) but, in between the presentation of each to-be-remembered "target" word, two "processing" words (in lowercase) are given, and the participant must choose which processing word matches the target, when "match" is specified as either visual features (color), phonology (rhyme), or meaning (semantic). An example of a four-item list is: BRIDE (dried, groom), LEG (arm, beg), STONE (grown, rock), CHEF (cook, deaf). To accurately recall the list, the participant must recall all of the target words ("bride, leg, stone, chef") and none of the processing words. In the present study, participants performed the phonological and semantic processing conditions of the LOP span task as well as a word span task for the purpose of comparing individual differences on the complex LOP span task to a simple span task (Unsworth & Engle, 2006b ). Then, after performing the immediate recall tests for all lists, participants took a final free recall test after a 10-min delay. For this final free recall test, participants were instructed to recall both the target words from the span tasks, as well as the related processing words from the LOP span task that were initially to be withheld from recall. In addition, participants were instructed to provide source judgments as to whether each recalled item had initially served as a target or a processing word.
Thus, in this experiment, participants had to process distractor words that were highly related to the to-be-remembered target words, to withhold recall of these items on the initial test, and then recall them on the delayed test and indicate the source or context in which the items were initially experienced. Therefore, the LOP span task and the subsequent delayed recall test are well suited for addressing issues concerning individual differences in controlled retrieval processes because the tasks required a high degree of controlled search and retrieval monitoring (Unsworth & Engle, 2007) . In addition to examining individual differences in various measures of WM and SM, how these measures predict performance on a gF test was also examined.
A variety of effects might be expected for the current task conditions. One possibility is that low spans will generally benefit from deeper LOP at encoding more than high spans. An analogous pattern may be seen in age differences in LOP effects. For exam-ple, older adults often obtain larger benefits of deeper processing at encoding, likely because younger adults spontaneously engage in more elaborative encoding than older adults (see Craik & Rose, 2012 , for a review). Alternatively, high spans may benefit more from deeper LOP than low spans because, even when low spans are encouraged to engage in deeper processing at encoding, they may resort to shallower, maintenance-focused processing for immediate recall. Some findings suggest the latter possibility may be the case. For example, Bailey et al. (2008) found that low spans reported using less effective strategies than high spans.
With regards to recall errors, it is likely that low spans will have more recall errors (e.g., intrusions) than high spans, but it is unclear whether this difference will go away after statistically controlling for differences in veridical recall. If it does, this would suggest that the primary reason that low spans commit more recall errors is because they do not recall as many target items, and so intrusions are emitted instead. If the difference remains, however, it would suggest that low spans are indeed deficient in controlling the retrieval of targets and withholding recall of irrelevant items. Such a deficit is hypothesized to be due to differences in the ability to use source information to control retrieval output.
With regards to the hypothesis that source memory is a key cause of the WM-gF relationship, if this is true, then individual differences in source memory should predict variation in gF and may mediate the relation between WM, recall of intrusions, and gF. Accordingly, the nature of encoding was experimentally manipulated in the current study and individual differences in WM, SM, and gF were examined using multiple regression/correlational analyses.
Method

Participants
Fifty Washington University undergraduate students participated in the experiment in exchange for course credit. All participants were native English speakers. Data for one participant were removed because the person did not follow the instructions for the WM tasks (i.e., the person wrote to-be-recalled items down as they were presented). Data were unavailable for the matrix reasoning test for three participants due to computer error, and one participant was dropped as an outlier (data greater than 3 SDs below the mean).
Design and Procedure
The design was a repeated-measures design with span task (Word, Phonological LOP, Semantic LOP), list length (four items, eight items), and time of test (Immediate, Delayed) as withinsubject factors. Each experimental session began with the participants performing the WM tasks, after which they solved mental arithmetic problems. Then, they were given a surprise free recall test on words from the WM tasks. Finally, the participants took a gF test. Details concerning the procedures for all of the tests are provided below. Following practice trials to familiarize participants with the various conditions of the WM tasks, participants performed a simple word span task as well as the phonological and semantic processing conditions of the LOP span task (Rose et al., 2010) . The three types of test trials were mixed (rather than blocked, as in Rose et al., 2010) , and the type of task to be performed on each trial was indicated on the screen immediately before the trial began (i.e., word span task: target words only; phonological LOP span task: target words plus rhyme decisions; or semantic LOP span task: target words plus meaning decisions). In addition, each type of trial could involve presentation of either a four-item series or an eight-item series; the order of these series lengths was pseudorandom, as was the order of the three types of trials, so that all of the participants experienced the various trial types and series lengths in the same order. There were three trials of each type.
On each trial of the word span task, participants viewed a series of to-be-remembered target words on a computer screen. Each target word was presented in uppercase letters in the center of the screen for 1750 ms, followed by a blank screen for 250 ms. At the end of each series, participants saw a recall signal (a green box). They were instructed to try and recall the words in the order presented and to report what they recalled by writing on an answer sheet provided by the experimenter.
The LOP span task trials were similar to the word span trials except that, following presentation of each to-be-remembered target word, two nontarget "processing" words were presented side by side in lowercase letters until the participant made a selection. One of the processing words rhymed with the target word and the other was a semantic associate of the target word. Half of the trials on the LOP span task were from the phonological condition, and on these trials participants were instructed to indicate which processing word (either the word on the left or the word on the right) rhymed with the target word by pressing the corresponding key (labeled left or right) on the keyboard. The other half of the trials on the LOP span task were from the semantic condition, and on these trials participants were instructed to indicate which processing word was related in meaning to the target word. The stimuli were the same as in Rose et al. (2010) , Experiment 1. Target words were monosyllabic, high-frequency nouns, and imageability was matched across conditions.
On each trial of the LOP span task, presentation of target words and processing words continued until the complete series of either four or eight target words and their corresponding four or eight pairs of processing words were presented. Participants were instructed that when they saw the recall signal, they should write down the target words in the order in which the words had been presented. Participants were specifically told not to write down any of the related processing words.
After completing all trials for the span tasks, participants performed mental arithmetic problems for 10 min. Following the arithmetic filled delay, participants performed a final free recall test. For this delayed recall test, participants were told to recall and write down on the sheet of paper as many words as they could from the experiment-both target and processing words. Then, after recalling the words, participants were required to make a source judgment for each recalled word. They were to indicate whether each word was a target or processing word by writing either a T or a P next to each word. Participants completed the recall test and the source judgments within 5 min. After completing the delayed recall test, participants completed the gF test (the matrix reasoning subtest of the WAIS-III, Wechsler, 1997) . For both the immediate and delayed recall tests, the number of targets and processing words recalled, and the number of intrusions and source errors were recorded. Intrusion errors consisted of words that were not to be recalled on the current test. For the immediate recall tests, these errors consisted of prior list intrusions (recalling an item on the current list that was to-be-recalled on a previous list) and extra list intrusions (recalling items that were not presented in the experiment). For the delayed recall test, extra list intrusions and source errors were considered. Source errors consisted of both targets labeled as processing words and processing words labeled as targets.
Data Analysis
Correlation and regression analyses were conducted on the full sample. To characterize differences between high-and low-scoring individuals in measures of veridical recall, false recall (intrusions), and source errors, the 20 participants who had the highest overall average span task performance (averaged across the three span tasks) were classified as high-span individuals and the lowest scoring 20 participants were classified as low spans. The split group analyses simply illustrate the direction of associations revealed by the correlation/regression analyses. However, because of the dangers and inefficiencies of extreme group designs, statistical inferences were only drawn from the correlation/regression analyses.
The delayed recall data for targets were conditionalized on initial level of recall in order to control for baseline differences in initial level of recall between the simple and complex span tasks and between the low-and high-span groups. Therefore, differences observed in delayed recall of targets were not simply the result of differences in initial level of recall.
Results
In keeping with the three goals of the current study (to examine individual differences in WM and SM, individual differences in recall errors, and relations among WM, SM, and gF), the results are organized in three sections. Of primary interest was whether, as has been hypothesized, individuals with lower and higher WM scores differed in the amount of benefit from encoding deeper cues on recall on WM and SM tests. To test this hypothesis the relation between WM and the LOP effect-the amount of benefit of deep versus shallow cues-was examined with regression analyses.
Individual Differences in LOP Effects on WM and SM Tests
First, it should be noted that performance on the processing component of the LOP span task (rhyme and semantic judgments) was high in both the phonological (93%) and semantic (94%) conditions, and neither processing accuracy nor reaction time (RT) (phonological ϭ 1483 ms, semantic ϭ 1499 ms) differed between the two LOP conditions or between the high-and low-span groups, ts Ͻ1. Thus, the nature of initial encoding was similar between high and low spans; however, as can be seen below, recall was substantially different between the groups. Table 1 reports the mean proportion of words recalled on the three span tasks and the mean proportion of those words that were subsequently recalled on the delayed test for the full sample and for the high-and low-performing individuals. Correlations among all measures for the full sample may be found in the Appendix.
Figures 1 and 2 illustrate the differences in LOP effects on the WM and SM tests between low and high spans. For immediate recall, high spans recalled more words than low spans overall, with the exception of words recalled on the word span task for short lists (see the top half of Table 1 ). Additionally, the proportion of Note. Values are means with standard error of the mean in parentheses. Slight differences between the marginal means and means computed from the cell means are due to rounding. LOP ϭ levels of processing.
words recalled from the semantic condition was not different from the phonological condition for either high spans or low spans. That is, deeper LOP did not benefit immediate recall for either group. For delayed recall, high spans recalled more words than low spans for the word span task and the semantic condition of the LOP span task, but low and high spans did not differ in recall of words from the phonological condition of the LOP span task. It may also be noted that, although high spans' delayed recall demonstrated an LOP effect-a benefit of deep (semantic) processing over shallow (phonological) processing-low spans' recall did not.
These observations were confirmed with linear regression analyses predicting the LOP effect from WM scores (see Table 2 ). The correlation between WM and the LOP effect on immediate recall was zero, but there was a significant positive correlation on delayed recall (r ϭ ϩ.37, p Ͻ .01, see Figure 2 ). Thus, even though the processing judgments of the LOP span task required that both low and high spans encoded the words in terms of phonological or semantic characteristics for the LOP span task and even though analysis was restricted to those words that were initially recalled in order to control for baseline differences in immediate recall, high spans' delayed recall was better than low spans, specifically for words from the word span and semantic condition of the LOP span. Low spans did not differ from high spans in delayed recall of words from the phonological condition of the LOP span task. This pattern suggests that, despite having encoded deep retrieval cues in the semantic condition of the LOP span task, low-span participants may have focused on shallower phonological/articulatory cues to maintain the words for immediate recall. This possibility is considered further in the Discussion section.
Individual Differences in Recall of Processing Words, Intrusions and Source Errors
Next, individual differences in the number of different types of errors (intrusions and source errors 1 ) and the number of processing words recalled on the immediate tests (when they were to be withheld from recall) and on the delayed test (when they were to-be-recalled items) were considered. For the immediate tests, there were three different types of intrusions: the distracting processing words that were to-be-withheld from recall (processing words), words that were to be remembered on a previous list (prior-list intrusions), and nonpresented words (extralist intrusions). On the delayed recall test, recall of processing words and recall errors were of interest. There were two types of recall errors (besides omissions): recall of nonpresented words (extralist intrusions) and source errors (i.e., either labeling target words that were recalled as processing words or labeling processing words as target words). The data showing the differences between low and high spans are presented in Table 3 .
On the immediate recall test, low spans produced more of all three types of error than high spans. However, as discussed in the Introduction, because recall errors might interact with the level of accurate recall, it is important to consider the number of recall errors as a proportion of the number of opportunities to commit a recall error (i.e., the number of times a target was not recalled). When these measures were calculated, a different pattern was found: The number of processing words, prior list intrusions, or extra list intrusions recalled on the LOP span task as a proportion of the total number of recall errors was not greater for low spans than high spans (see Table 3 ).
On the delayed recall test, low and high spans did not differ in the number or proportion of processing to targets recalled. However, low spans committed a greater number of both intrusions and source errors than high spans. The same pattern was found when the number of intrusions was calculated as a proportion of the number of recall errors, and the number of source errors was calculated as a proportion of the number of items correctly recalled (see Table 3 ).
These observations were confirmed with linear regressions predicting each variable from WM span for the whole sample. The proportion of variance accounted for (R 2 ), the standardized beta weights (␤), and t and p values for two-tailed t tests of whether the beta weights significantly differed from zero are presented in Table 3 .
Taken together, these findings indicate that low spans recalled fewer targets and more intrusions than high spans, but, on the immediate recall (WM) tests, when differences in the number of opportunities to commit a recall error were taken into account, the proportions were similar for low and high spans. On the delayed recall (SM) test, low spans made proportionally more recall errors (intrusions and source errors) than high spans. This suggests that the ability to constrain retrieval from SM, perhaps by relying on source information to recall targets and withhold recall of intrusions, may be an important component of differences between low Note. LOP effect ϭ number of words recalled from the semantic minus the phonological encoding condition; WM ϭ working memory; sem. ϭ semantic; phono. ϭ phonological. Note. Values are means with standard error of the mean. On the immediate recall tests, processing words were nontargets (i.e., items that were to-be-withheld from recall), but on the delayed test, processing words were targets (i.e., to-be-recalled items).
and high spans. The next section suggests that this ability may also be a critical source of the relation among measures of WM, SM, and gF.
Relations among Measures of WM, SM, and gF
First, the utility of veridical recall and the number of intrusions and source errors in predicting performance on a measure of gF (matrix reasoning) was examined. The results of a simultaneous regression analysis on the full sample are presented in Table 4 . As may be seen in Table 4 , recall of targets and processing words did not predict matrix reasoning. Only the number of intrusions and source errors on the delayed recall test were significant predictors of matrix reasoning, indicating that participants that recalled more intrusions or had more source errors had lower scores on the gF test.
According to Unsworth and Engle (2007) , the ability to withhold recall of intrusions may be achieved by relying on source cues to control retrieval, and this ability is thought to be the source of the relation among measures of WM, SM, and gF. To test this hypothesis, a stepwise regression analysis was conducted to see if source memory (as measured by the number of source errors committed on the delayed recall test) mediated the association between the number of delayed recall intrusions and gF. The results are presented in the top half of Table 5 (Model 1). The number of intrusions recalled remained a significant predictor of matrix reasoning after controlling for the number of source errors committed, accounting for an additional 12% of unique variance in matrix reasoning.
However, as noted above, it is important to control for differences in the number of opportunities to recall intrusions and make source errors. A second stepwise regression model was computed to see if the number of intrusions recalled as a proportion of veridical recall was associated with matrix reasoning performance and whether the number of source errors committed as a proportion of opportunities (number of items not veridically recalled) mediated the association. The results are presented in the bottom half of Table 5 (Model 2). Controlling for the number of opportunities to commit a source error reduced the association with matrix reasoning (␤ ϭ Ϫ.27, p ϭ .07). Nevertheless, the number of delayed recall intrusions as a proportion of the number of opportunities to recall an intrusion remained a significant predictor of matrix reasoning, accounting for 30% of the variance. Taken together these findings suggest that the ability to withhold recall of irrelevant words (intrusions) on the SM test captured an ability associated with performance on the gF test over and above the ability to recall source information about the words.
Discussion
The present study was conducted to examine sources of individual variation in WM and SM and their relation to gF. Specifically, the present study attempted to address (1) whether low spans would benefit from encoding cues that might facilitate retrieval from SM, (2) whether low spans recall more irrelevant information than high spans on WM and SM tasks even when controlling for differences in veridical recall, and (3) whether intrusions and source monitoring errors predict individual differences in gF even when controlling for the number of opportunities to produce such errors.
Variation in WM and Retrieval From SM
To address the hypothesis that variation in WM depends on retrieval from SM, the present study questioned whether low spans benefit from encoding cues that facilitate retrieval from SM. Deeper (semantic) processing at encoding did not benefit immediate recall (WM) relative to shallower (phonological) processing for either low or high spans. Encoding semantic retrieval cues only benefited delayed recall (SM). Although the structure of the LOP span task is similar to complex WM span tasks which, according to Unsworth and Engle (2007) , measure SM, these results suggest the LOP span task was not a pure measure of SM.
The pattern replicates the findings of Rose et al. (2010) , but extends them using different methods (e.g., mixed rather than blocked design, delayed recall rather than recognition) and shows that neither low-nor high-spans' WM benefited from deeper processing at encoding on the LOP span task. The reason the LOP span task may not have been a pure measure of retrieval from SM is because, when performing WM tests, participants try to covertly retrieve or "refresh" the to-be-recalled items between the item presentation and processing phases of the task (Barrouillet, Bernardin, & Camos, 2004; McCabe, 2008) . Because participants were likely able to periodically refresh to-be-recalled items in the current conditions, focusing on shallow (phonological, articulatory) cues would be sufficient for recalling them on an immediate test. Recently, we (Loaiza et al., 2011) showed that deeper LOP did benefit immediate recall on more traditional WM span tasks (reading span, operation span), perhaps because of their longer, more difficult processing operations (reading and verifying the accuracy of sentences or math equations). It was suggested that traditional WM span tasks are a better measure of SM because their difficult processing requirements impair the ability to covertly retrieve/refresh the to-be-remembered items between processing operations. Consistent with this idea, Rose and Craik (2012) showed that the extent to which LOP effects appear on WM tests largely depends on the amount of disruption to this covertretrieval/refreshing maintenance process. Delayed recall of words initially to be recalled on the LOP span task-a purer measure of SM-revealed an interesting difference between low and high spans. It was somewhat surprising that deeper LOP at encoding did not benefit low-spans' delayed recall relative to phonological LOP. One way to account for this pattern is to suggest that, even though the orienting question on semantic LOP trials guided participants to focus on semantic features during initial encoding, low spans may have preferentially focused on shallower (e.g., articulatory or phonological) features of the words while trying to maintain them for immediate recall. Doing so may have negated the large and reliable benefit of deeper processing that is typically seen on delayed recall (Craik & Tulving, 1975) . If it was unnecessary to initially maintain the words for immediate recall, it is likely that all participants would have benefited from deeper LOP at encoding on the delayed recall test. For example, it was recently shown that both low and high WM participants demonstrated a benefit of semantic over phonological LOP on a delayed recall test (Unsworth, Brewer, & Spillers, 2011) . This suggests that the act of maintaining the words for the initial WM tests may have differentially affected subsequent recall on the SM test for low and high spans, which may reflect a difference in the type of maintenance processes that were initially used for immediate recall between high and low spans.
Although this account is tentative, several lines of research have suggested that low spans spontaneously engage in more repetitionbased maintenance processes than high spans on WM tasks (Bailey et al., 2008; Turley-Ames and Whitfield, 2003; Unsworth & Spillers, 2010) . For example, low spans report using less elaborative maintenance strategies than high spans and strategy use partially mediates the relation between WM and gF (Bailey et al., 2008; Unsworth & Spillers, 2010) . Future research should consider individual differences in the use of maintenance mechanisms as a potential source of individual differences in WM.
Individual Differences in Source Constrained Retrieval and Output Monitoring
The LOP span task and the delayed recall test of the current study provided a novel way to test hypotheses about the role of source constrained retrieval and output monitoring as an underlying source of individual differences in WM, SM, and gF. Because the LOP span task required processing both phonological and semantic representations that were highly related to the to-beremembered words, yet were to be withheld from recall, source monitoring processes were likely needed to correctly discriminate between to-be-remembered items and other, associatively related items (e.g., processing words). Then on the surprise delayed recall test, because of the instructions to recall both target and processing words, the memory search set must have included words that were previously to be remembered as well as words that were previously irrelevant and distracting (i.e., processing words). Moreover, because participants were also required to make source judgments on the words recalled on this surprise test, the conditions placed heavy demands on source constrained retrieval and output monitoring processes.
Although previous studies have suggested that low spans recall more intrusions than high spans because low spans have more irrelevant, nontarget information in their memory search set (Unsworth & Engle, 2007) , low spans also recall less target information, thereby giving them greater opportunity to produce intrusions. Nonetheless, the current study showed that even when differences in the level of veridical recall were taken into account, low spans still recalled more intrusions, although this was only true for the delayed recall test-the test that maximally implicated cue-driven search and retrieval from SM. This result represents an important replication and extension of prior research on individual differences in recall errors.
In addition to recalling more intrusions, low spans also committed a greater number of source errors on the delayed recall test. This finding is consistent with the hypothesis that an important source of variation between low and high spans may be the ability to retrieve relevant information from SM (Unsworth & Engle, 2007) , but, more specifically, the present results suggest that monitoring the products of retrieval and withholding recall of irrelevant items is a critical retrieval process. The reason source memory ability may underlie individual differences in WM may not only be because accurate source memory helps to constrain retrieval to target items, but also because source information may be used to withhold recall of off-target, intruding items.
Recently, Unsworth and Brewer (2010b) reported data that also suggests the critical difference between high and low spans is in the ability to monitor the products of retrieval. They had high and low spans perform a standard free-recall task and an externalized free-recall task in which participants were instructed to press a key for each item that they knew was an intrusion. On the standard free-recall task, low spans recalled fewer targets and more intrusions (both prior-list and extralist). On the externalized free-recall task, high spans recalled as many extralist intrusions as low spans, but high spans were better at identifying recalled items that were intrusions. These findings converge with the present findings and suggest that high spans are better at withholding intrusions from output because they can identify the source of recalled items. Importantly, the present results provide novel support for this hypothesis because the nature of initial encoding was controlled and the measures of intrusion and source errors controlled for differences in the number of opportunities to commit such errors.
Relations Among WM, SM, and gF, and the Ability to Control Retrieval and Monitor Retrieval Output
The present findings showed that the number of recall intrusions and source errors on the delayed recall test provided the strongest associations with gF. The findings from this novel paradigm, which involves delayed recall and source memory of items initially from a WM task, converge with some recent findings, pointing to a relation between individual differences in WM and performance on other tasks measuring SM or source memory. For example, Unsworth and colleagues have shown that the number of intrusion errors on a variety of recall (SM) tasks were related and formed a single intrusion factor, and that this factor was negatively related to individual differences in both WM and gF (Unsworth, 2009; Unsworth & Brewer, 2010a) . In addition, found support for a dual-process model in which the variance shared by item recognition, source recognition, and recall formed one factor (recollection) and the independent item recognition variance formed another factor (familiarity). They showed that recollection was the main source of the relation between WM and gF , and a general sourcemonitoring ability (measured by two source recognition tasks) mediated the correlation between false recall and WM (Unsworth & Brewer, 2010a) .
In the present study, the ability to withhold recall of irrelevant words (intrusions) on the delayed recall test captured an ability that was associated with performance on the gF test over and above the ability to recall source information about the words. Moreover, this was true regardless of whether individual differences in the number of opportunities to make an error were controlled. Although controlling for differences in veridical recall reduced the association between source memory and gF, the association between delayed recall intrusions and gF remained. Taken together, these findings suggest that individual differences in the efficiency of a specific retrieval process-monitoring retrieval from SM and suppressing irrelevant information-may be the key source of individual variation in WM, SM, and gF abilities. Future studies should focus on individual differences in this ability as the potential source of the association among WM, SM, and gF. A variety of encoding and retrieval conditions could be manipulated with the LOP span task to do so.
Résumé
Les différences individuelles quant à la mémoire de travail (MT) sont reliées au rendement à des tests de la mémoire secondaire (MS) et d'intelligence fluide (Gf). Toutefois, la source de la relation demeure peu claire, en partie parce que peu d'études ont contrôlé la nature de l'encodage. Ainsi, il n'est pas clair si les variations individuelles sont attribuables aux processus d'encodage, de maintien ou de récupération (rappel). Dans la présente étude, on a demandé aux participants d'effectuer une tâche de MT (tâche de niveaux de traitement; Rose, Myerson, Roediger III & Hale, 2010) , ainsi qu'un test de MS, qui évaluaient à la fois les cibles et les mots de traitement distrayants de la tâche initiale de MT. Un traitement plus approfondi de l'encodage n'améliorait pas la MT, mais ultérieurement la MS, toutefois dans une moindre mesure pour les personnes ayant un empan inférieur de MT. Ce résultat suggère que, en dépit des indices d'encodage facilitant la récupération dans la MS, les sujets aux empans inféri-eurs auraient pu s'adonner à un traitement moins profond axé sur le maintien en vue de maintenir les mots dans la MT. Les sujets aux empans inférieurs se rappelaient d'un moindre nombre de cibles, d'un plus grand nombre de distracteurs et d'intrusions extra-liste que ceux aux empans supérieurs, mais ce résultat peut être en partie attribuable à leur rappel moins efficace des cibles, haussant ainsi le nombre d'occasions de commettre des erreurs de rappel. Le retard dans le rappel des intrusions et les erreurs relatives aux sources (décrire des cibles comme des mots de traitement, et vice versa) étaient des facteurs prédicteurs négatifs d'importance de Gf. Ces résultats suggèrent que la capacité d'utiliser des sources d'information pour rappeler des renseignements pertinents et d'éviter le rappel d'information non pertinente est une source déterminante des différences individuelles en matière de MT et dans la relation entre la MT, la MS et la Gf. 
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